Undernutrition is associated with poor cognitive development, late entry into school, decreased years of schooling, reduced productivity, and smaller adult stature. We use longitudinal data from 1674 Peruvian children participating in the Young Lives study to assess the relative impact of early stunting (stunted at 6-18 months of age) and concurrent stunting (stunted at 4.5-6 years of age) on cognitive ability. Anthropometric data were longitudinally collected for children at 6-18 months of age and 4.5-6 years of age at which time verbal and quantitative ability were also assessed. We estimate that an increase in concurrent height-for-age z-scores (HAZ) by one standard deviation was associated with an increase in a child's score on the Peabody Picture Vocabulary Test (PPVT) by 2.35 points (CI: 1.55-3.15) and a 0.16 point increase on the Cognitive Development Assessment (CDA) (CI: 0.05-0.27). Further, we report that the estimate for concurrent HAZ and PPVT is significantly higher than the estimate for early stunting and PPVT. We found no significant difference between early and concurrent estimates for HAZ and CDA. Children from older mothers, children whose mothers had higher education levels, children living in urban areas, children who attended preschool, children with fewer siblings, and children from wealthier backgrounds scored higher on both assessments. Cognitive skills of children entering school
In this paper we describe the prevalence of undernutrition among Peruvian children in early infancy (6-18 months of age) and childhood (4.5-6 years of age). We test the hypothesis that early stunting (at 6-18 months of age) has a greater impact on cognitive abilities of children entering school than concurrent stunting (4.5-6 years of age).
Materials and Methods

Study Design and Background
The Young Lives study, which uses a prospective cohort design, is a multi-country research study investigating the consequences of childhood poverty, how poverty is passed from one generation to the next, and the effectiveness of poverty-reduction policies (www.younglives.org.uk). The study has followed 12,000 children since 2002 and plans are to follow these children over a total period of 15 years. The study includes four countries:
Ethiopia, India, Peru and Vietnam. These countries were selected to represent a broad range of political, social, geographical, and cultural contexts and circumstances. Each country follows two groups of children, one group beginning at approximately one year of age and the other enrolled at about eight years of age. To meet our study objectives, we describe methods related to the sampling of children from the younger Peruvian cohort.
The study covers urban, peri-urban, and rural areas including respondents from all three main geographic regions in Peru-coastal, highland, and jungle. Impoverished populations were oversampled. The study is managed in Lima, Peru by researchers from the Instituto de Investigación Nutricional (IIN) and Grupo de Análisis para el Desarrollo (GRADE).
Study Participants
In the first round in 2002, 2052 children aged 6-17.9 months from 74 communities were recruited. A multi-stage sampling strategy was used. Districts were chosen by employing a list ranking of all the districts in Peru according to poverty level. The poverty rank was based on measures of infant mortality, schooling, housing and access to services. The highest ranking five percent of the districts were excluded to ensure that the study oversampled impoverished districts. Researchers then systematically selected 20 districts using a randomly selected individual starting point and fixed population interval. This randomization process was repeated 10 times until researchers arrived at a sampling framework that included the geographical areas of Amazon jungle, mountains and coast with a spread across the whole country. Using maps of each district a house was then randomly chosen as the starting point and subsequent houses were visited in systematic fashion until 100 children were enrolled. (Wilson et al. 2006 ). Because some districts were too small to yield 100 households with eligible children contiguous districts were added until 100 children were enrolled.
This process resulted in a sample that approximates to 95 percent of the children in Peru excluding the wealthiest 5 percent of households. This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects/patients were approved by the London South Bank University, London School of Hygiene and Tropical Medicine, University of Reading and the Ethics Committee of the Instituto de Investigación Nutritional in Lima, Peru. Written informed consent was obtained from the parent or legal guardian of the children enrolled in the study. For illiterate respondents, verbal consent was obtained by interviewers prior to the interviews and was witnessed and formally recorded. Study approval was also obtained from Peru's Ministry of Health and from local authorities and community leaders.
Data Collection
Interview questionnaires were developed by international experts from several fields. The questionnaires consisted of a core survey used in all four countries participating in the Young Lives study. A community questionnaire was also used to assess population size (e.g. urban vs. rural) and geographic location (e.g. jungle, highland, coast). Investigators from each country added country-specific questions. The questionnaire used in Peru included information on the following: household composition, child health (including acute and chronic illness), caregiver characteristics, livelihoods, socio-economic status (assets), social capital, anthropometry of the child, childcare, and cognitive development.
Anthropometric data were obtained through the use of standardized digital platform scales (Soehnle) accurate to 100g and locally made rigid measures accurate to 2mm, with fixed head and moveable foot piece. The core questionnaire was translated into Spanish and then revised and modified through field testing and a pilot study before being used to collect data from the full cohort. Fieldworkers were trained extensively before interviewing began with special emphasis on economic sections of the questionnaire and how to properly use the questionnaire in rural areas. Members from each team were trained and standardized in anthropometric measurement according to WHO protocols. The training of fieldworkers culminated in a large pilot study where the data collection instrument, fieldworkers, and entire data collection system were tested in a mixed rural-urban district. The process of training, testing and revision took approximately three months.
First round data were collected in 2002 when children were 6-18 months of age. Second round data collection took place in 2006 and 2007 when the same children were 4.5-6 years old. Data collection was conducted by three teams consisting of six interviewers each. Field managers and study investigators oversaw all three teams. Each of the three teams worked in 6-7 districts. Interviews lasted 2-4 hours and each district took 2-3 weeks to complete 100 interviews. In total, more than 40,000 households were contacted in order to find and enroll both the younger and older cohort of children.
Investigators used several methods to minimize the loss of participants at follow-up. First, after the initial enrollment and baseline interview, participants received information about the study and at each subsequent visit they were given a present of a certificate with a photo of the child at each round, families were asked to give names and addresses or telephone numbers for family or friends with whom they were likely to maintain contact. The field staff visited the household once between the data gathering rounds in order to maintain contact and deliver the photos. Families were also asked to let the project team know if they moved and were given telephone numbers and a stamped addressed envelope to facilitate this. Finally, during round 2, interviewers returned to the home as many times as needed until they were able to conduct the interview, were turned away, or were able to confirm the person no longer lived at the residence. Households with participating children were contacted almost annually to ensure continued involvement in the study. Additionally, children who did move were still contacted. If children moved within Peru, every effort was made to interview them. If children moved outside the country, they were contacted, but no effort was made to interview them. Only 3.5 percent of children were lost to follow-up during the four years between round 1 and round 2.
Data from round 1 was entered using Delphi (Austin, TX, USA), a data entry software The PPVT is orally administered, not timed, and is given individually. During the PPVT test, the child is presented with a stimulus word and a set of pictures and is asked to select the picture that best represents the word's meaning. Test items are ordered from easiest to hardest. Each child is only given items within his or her critical range and is not given the entire set of questions. The critical range is established by the child's chronological age, which corresponds with a specific start point on the test. The test administrator begins at the starting point and proceeds until a ceiling (the point at which the respondent has 6 errors in a stretch of 8 responses) is reached. The PPVT yields raw scores that can then be standardized using a sample of PPVT test scores for other Latin American countries (Dunn et al. 1986 ). CTT was applied by using split-half reliability coefficients to assess internal consistency.
This was followed by the estimation of reliability coefficients using the Spearman-Brown prophecy formula. The IRT was applied by using the Person reliability index. Both assessments were found to have acceptable psychometric properties based on both Classical Test Theory and Item Response Theory for children who spoke Spanish as their native language. Native Quechua speakers scored below the acceptable thresholds for both measures. For example, for Quechua speakers, Cronbach's Alpha for the reliability coefficients of the CDA were below acceptable standards for the CTT (the acceptable level was 0.6 but the level for Quechua speakers was 0.4). The person reliability index among Quechua speakers (0.4) was also below the standard (0.5). The relatively poor performance of the tests in Quechua speakers was thought to be due to difficulties with the translation particularly due to the variation in the vocabulary of Quechua spoken in different parts of the country. As a result, only Spanish speakers (n=1706) were included in our analyses.
Covariates
Height-for-age z-scores from both rounds of data were used. Z-scores are based on the international reference standard from the World Health Organization (available at:
http://www.who.int/childgrowth/en/). The z-score is calculated through an interpolation function that accounts for sex, age, and height. We defined moderate stunting as a height-forage z-score between -2.0 and -2.99 standard deviations below the mean on the international reference standard. We defined severe stunting as a height-for-age z-score less than -3.0 standard deviations below the mean on the international reference standard. A height-for-age z-score less than -2.0 from round one was categorized as early stunting, while a height-forage z-score less than -2.0 from round two was referred to as concurrent stunting, because it was concurrent with our cognitive assessments. Additionally, we calculated weight-for-age and weight-for-height z-scores based on the same cut-offs used for stunting. Because there were few children with low weight-for-height, we did not include this variable as a predictor of cognitive ability.
Using the conceptual framework outlined by Black and colleagues for the determinants and Disease Control and Prevention, Atlanta, GA, USA). All statistical analyses were conducted using Statistical Analysis Systems statistical software version 9.1 (SAS Institute, Cary, NC, USA). Study participants and prevalence of stunting, wasting, and underweight were described. More than 2000 children were enrolled at baseline, however, we only analyzed data for children who had anthropometric information at baseline and follow-up and who spoke Spanish (n=1674).
In order to test our hypothesis that early stunting (6-18 months of age) has a greater impact on the cognition of children entering school than concurrent stunting (4.5-6 years of age), we went through three processes. First, we reviewed the literature and conducted univariate analyses to identify variables that should be included in multivariate models. We then used mixed effects regression to determine the relative impact of early versus concurrent stunting (when children were 6-18 months of age and 4.5-6 years of age, respectively) on each cognitive outcome. Finally, we compared the coefficients for early and concurrent stunting for each cognitive model using a Wald test. This test determined whether or not the coefficients for each model were significantly different. Mixed effects regression models are considered appropriate when sampling is based on clusters. We present unadjusted models as well as models that account for known confounders. With the MIXED procedure from SAS we produced models with an unrestricted covariance structure for random effects, a random intercept for variation between clusters, and fixed effects for all other variables in the model (e.g. early stunting, concurrent stunting, maternal age, maternal education, area population, preschool attendance, child age, wealth index, and number of siblings). We retained or dropped variables from the models based on p values (<0.1) and conceptual considerations and reported regression coefficients and 95% confidence intervals for all retained variables.
We checked all models for interaction and for compliance with model assumptions.
Interaction terms were checked for all retained variables for each model. None were retained based on p values (<0.1).
Results
Of all survey respondents, nearly three-quarters lived in urban areas, most lived in coastal (40.2%) or highland (43.0%) regions compared to the jungle region (16.8%), and nearly half of all children were female 'Table 1'. Catholicism was the predominant maternal religion and nearly all mothers described themselves as mestizo. The mean age of children during the first round was 12 months, 86.1% of children attended preschool, and the mean score for wealth index was 0.42.
Prevalence of stunting, wasting and underweight in round 1 are described in Table 2 Unadjusted regression estimates between covariates and verbal score are presented in table 3.
Children from urban areas performed better on verbal cognitive tests than those from rural areas. Higher early and concurrent HAZ scores were also associated with better verbal scores.
Those who attended preschool fared better than those who did not. Additional variables significantly associated with verbal score were wealth index, maternal age, and number of siblings. A higher level of completed maternal education was also associated with a higher verbal score.
Adjusted results demonstrate that children with higher concurrent z-scores, children with older mothers, children with mothers who had increased education, children living in urban areas, children who attended preschool, children with fewer siblings, and children from wealthier circumstances were more likely to score higher on the PPVT verbal assessment than their counterparts ' Table 3'. What is most notable about findings presented in table 3 is the large difference between adjusted estimates for early and concurrent stunting: improving height-for-age z-scores of infants by one standard deviation increased their score on the Peabody Picture Vocabulary Test (PPVT) by only 0.20 points (95% CI: -0.59, 0.99) but improving their concurrent height-for-age z-scores (i.e., when they were 4.5-6 years of age) contributed to a 2.23 point increase (95% CI: 1.29, 3.17). Further, we found that the differences in estimates were statistically significant (p-value=0.0083). Thus, concurrent stunting had a greater impact on vocabulary test scores than early stunting. Table 4 displays unadjusted regression estimates between covariates (including HAZ) and quantitative scores. The child's age at round 1, maternal education, wealth index, and number of siblings were all significantly associated with quantitative scores. In addition, higher early and concurrent HAZ scores were associated with higher quantitative scores. The adjusted model was similar except early stunting was no longer associated with quantitative score. As with verbal scores, the impact of concurrent stunting on CDA scores appeared greater than the impact of early stunting. However, the difference between coefficients was not significant. Thus, we cannot conclude that concurrent stunting had a significantly greater impact on CDA scores than early stunting despite the notable difference in magnitude.
Coefficients for models where the CDA test score is the dependent variable are small in comparison to coefficients for PPVT test scores. However, it must be remembered that there were approximately 10 times as many items on the PPVT test. Thus, multiplying coefficients in models predicting CDA test scores by 10 helps when comparing coefficients from both models.
Because of the very low prevalence of wasting at the early assessment, we did not model the relationship between wasting and the cognitive measures.
Discussion
We show that there are a variety of factors that predict verbal and quantitative test scores among young Peruvian children. These include wealth, living in an urban setting, increased maternal education and age, preschool attendance and fewer siblings. Our findings also
indicate that children who demonstrate linear growth restriction concurrent with cognitive measurements when they enter school (4.5-6 years of age) are more likely to score poorly on cognitive tests than their better-nourished peers. While our findings do not demonstrate an association between children who experience linear growth restriction at an early age (6-18 months) poor performance on cognitive tests when controlling for concurrent growth restriction, models with only early stunting (i.e., no concurrent stunting indicator in the model) do show a strong association between early height-for-age z-scores and both cognitive outcomes (data not shown). What is more notable about our results is the greater impact of concurrent stunting than early stunting, both for verbal and for quantitative measures of cognition. These findings do not support our hypothesis that early stunting is more important However, the results reported here examine intelligence at the time that students enter school which has not been well studied using longitudinal data.
Our results illustrate the importance of assessing HAZ beyond 18 months of age.
Specifically, in this sample children continued to experience stunting past 18 months, sometimes falling an additional standard deviation between 18 and 56 months of age. This is consistent with findings that show that height-for-age scores begin faltering immediately after birth and continue into the third year of life (Martorell 1999 , Shrimpton et al. 2001 ).
We found a strong association between wealth index and cognitive scores. This is similar to Stunting was common in this sample: more than one in five children were stunted when 6-18 months and 4.5-6 years old (22.9% and 27.8%, respectively). The level of stunting at 6-18 months of age (22.9%) was the same as that reported by a national survey (Demographic and Health Surveys 2000) for Peruvian children 6-23 months of age. In 2007, the percent of children in the Young Lives cohort who were stunted at 4.5-6 years of age was slightly higher than for children 48-59 months of age in the DHS (27.8% and 24.9%, respectively) (Demographic and Health Surveys 2008). WHZ scores were similar for YL children 6-18 months old and DHS children 6-23 months of age (1.6% and 1.5%, respectively). For children at about 5 years of age, 0.8% were low weight-for-height among the DHS sample and 0% among YL children. While underweight was more common among DHS one-year olds than the YL cohort (8.7% versus 4.8%), there were similar levels of underweight among 5 year olds (4.8% DHS and 4.3% YL).
Our study suffers from several limitations. While this study benefits from a longitudinal design, the timing of assessment during the first round is problematic. Children received one anthropometric assessment sometime between 6 and 18 months of age. As a result, children who were assessed early were likely to experience more post-assessment growth restriction than children who were assessed later in the 6-18 month period, thus limiting the comparability of the HAZ between children at round 1. Previous research suggests that height-for-age at 2 years is the best predictor of human capital (Victora et al. 2008 ). Because we lacked anthropometric measures at 2 years of age, we evaluated early and concurrent HAZ separately to determine how these time points might differ in predicting cognition.
When comparing findings from HAZ measures at both time points, concurrent stunting had a noticeably greater impact on verbal and quantitative test scores than early stunting. It may be that concurrent stunting is a better predictor of cognition than early nutritional insult but additional research is needed to confirm or refute this conclusion.
An additional limitation of this research is the degree to which this sample represents Peru as a whole. Young Lives researchers deliberately oversampled from poorer communities. Also, because the reliability and validity of the cognitive assessments was not adequate for Quechua speaking children, nearly 300 indigenous children were excluded from the study.
Based on Young Lives data, it can be noted that Quechua children were less likely than Spanish speaking children to attend pre-school (73.6% versus 85.5%, respectively). In addition, their mothers were more likely to have no education whatsoever (40.3% versus 4.6%, respectively). However, while the nature of the sampling design and the exclusion of Quechua speaking children limit the generalizability of these findings to all Peruvian children, HAZ measures from our data are quite similar to nationally representative data collected by two demographic surveys conducted in the past decade.
It should also be noted that the quantitative assessment of cognition in Peru excluded the spatial relations and time subtests; consequently, the CDA reflected children's notions of quantity only. Lastly, despite the longitudinal design of this study, it is constrained by the observational nature of data collection. Thus, we are unable to fully control for unfavorable environmental factors such as care-giving behaviors that restrict both growth and delay or Our findings suggest that broad-based efforts to promote adequate nutrition need to aim to prevent stunting during infancy but should continue at least to when children enter school. Figure 1 . Cross-sectional* data for median height-for-age z-score (HAZ) by age at assessment and area for round 1 and round 2. *Child was measured once during round 1 and once during round 2; () = sample size for age group.
